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Abstract 
 Signal expansion is an important mechanism that radio stations rely on expand their 
listener base.  In this project, our team examined several methods to help WICN reduce 
interference with other stations, and expand and improve the quality of their broadcast signal.  
We investigated a wide range of potential solutions including the notion of implementing a GPS-
based booster station, which included our development of an original prototype, as this 
technology does not currently exist.  We measured and tested the viability of our prototype as a 
means to expand WICN’s signal, and provided recommendations for more focused future 
projects.  
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Executive Summary  
Introduction: The WICN Tower Expansion team worked with WICN, a local independent jazz 
radio station. WICN has issues with their signal strength and with interference from nearby radio 
stations operating on the same frequency as their station. There were three main goals of this 
project: investigating the signals of interfering stations to determine whether or not they are 
operating within the broadcast ranges allotted to them by FCC, researching ways to improve 
WICN’s signal within WICN’s service contour, and expanding WICN’s signal to reach listeners 
in Boston. 
Background: The team began our investigation into WICN’s interference problem by studying 
the results of a WPI ISP (Independent Study Project) done by Brauer and Rice last year.  This ISP 
dealt with performing field tests at the boundary of WICN’s contour to determine if the 
interference patterns with nearby station WSMA were within normal expectations. The team then 
performed research into the FCC regulations concerning radio signal inference to better understand 
the limits of such an investigation. 
Investigation continued on the improvement of WICN’s broadcast signal within its 
protected contour, the area that the FCC has defined as available for only WICN to broadcast on 
that frequency.  Research then focused on methods of signal improvement, focusing on areas of 
the contour that appeared to get a weaker signal, according to the signal strength maps that Dave 
Doherty, the Chief Operator and Consulting Engineer at WICN provided the team.   Mr. Doherty 
also provided his insight into how potential solutions such as moving the main broadcast tower or 
increasing the primary broadcast power would impact WICN, providing more maps he had 
developed. In addition, the team again researched the relevant FCC regulations regarding booster 
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station development and other such potential solutions as well as the expected costs and other 
feasibility issues. 
Looking at a new topic led the team to researching methods for expanding WICN’s signal 
outside of their current broadcast zone.  This led to the idea of expansion into Boston and 
attempting to reach new listeners there.  The team looked into ways other radio stations would 
classically expand their broadcast zone, particularly regarding the development or purchase of a 
translator station in the area they wished to expand into. The team looked into the regulations 
concerning such stations as well as determining the feasibility of such a solution.  In addition, 
WICN’s Internet radio footprint was explored, with special focus on their recently released 
Android app and their upcoming iPhone app.   Another option that was considered was the 
possibility of WICN redirecting funds for advertisement to expand their online listener base. 
Methodology: Based on our research, we redirected our attention to a project idea that was pitched 
by Mr. Doherty. The project was to design an economical yet dependable booster station that 
would rely on the internet and GPS synchronization. The team spent the majority of the year 
invested in researching methods for such a device, particularly with regard to synchronization and 
other potential hard spots in the design. The process continued through software design on an 
Android smartphone to perform the necessary functions and using our limited knowledge of radio 
circuitry to construct an AM transmitter for the purpose of testing the system. This aspect of the 
overall project eventually became the primary focus and the linchpin of our IQP. 
Analysis: The results the team derived from the research led towards a dismissal of most of the 
classical alternatives due to reasons such as unaffordable costs and a lack of available spectrum 
real-estate in the Boston area. These issues led the team to focus primarily on developing a 
prototype design for the Internet Booster Station project.  From our research and work, the team 
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concludes that the prototype is feasible given a larger budget for more detailed development and 
testing. This could be applicable to future students who are willing to continue down the path the 
team has set up and to actually finish development of such a device. 
Recommendations and Conclusion: The team’s recommendations for WICN are to focus on 
expanding their internet and mobile presence.  In addition, WICN has the option to continue 
working with WPI into next year, potentially transitioning the Internet Booster Station project into 
an MQP (Major Qualifying Project). This would allow a more knowledgeable and focused team 
with a dedicated budget for development of a prototype for WICN. The current team would also 
be able to meet with future students to provide insight into the project based on our research and 
work this year.  Overall, the team hopes these suggestions are valuable to WICN and looks forward 
to connecting with any potential students in the future concerning a continuation of the project. 
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Chapter 1: Introduction 
WICN Public Radio is an independent radio station dedicated to providing engaging, 
informative, and entertaining programs promoting and presenting jazz music, along with additional 
authentic, independent music.  
WICN currently has issues with their signal strength and with interference from nearby 
radio stations operating on the same frequency as their station. The goals for this project include 
helping to investigate the signals of the interfering stations to determine whether or not they are 
operating within the broadcast ranges allotted to them through the FCC as well as researching 
potential options to help WICN improve and expand their signal, with the ultimate goal of reaching 
listeners in Boston. 
Last year, an Independent Study Project (ISP) worked with WICN, performing field tests 
and doing research to determine if WSMA, an affiliate station of the Christian Satellite Network 
(CSN) operating out of Scituate, MA, is operating within its legal broadcasting range as set forth 
by the guidelines of the FCC.  While their tests were inconclusive, complaints from WICN listeners 
persist in areas where WSMA’s signal should not be interfering, and our team hopes to reproduce 
these tests and provide a decisive answer to this issue (Brauer, Rice, 2013). 
In addition to investigating WSMA’s signal strength, WICN also wishes to enhance and 
strengthen their own signal to reach a broader audience within the greater Worcester area and 
beyond, and have a clearer, more consistent broadcast signal. Through research done 
independently and meetings with WICN, this project will gather an understanding of their current 
operational capacity and determine appropriate courses of action for WICN to take, presenting our 
findings to them to help establish a path forward for their station. 
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Chapter 2: Background 
The history of radio broadcasting is short, but rich. Over the last century, radio broadcasting 
techniques have been constantly shifting, with a variety of methods introduced, implemented, and 
revised as necessary to maintain reliable transmission quality for a broadcast coverage area. This 
chapter provides an overview of some of these methods, their strengths and weaknesses, and 
emerging trends in radio broadcasting.   
2.1 History of Radio Technology 
The first step in radio technology came from James Clerk Maxwell who showed 
mathematically in 1873 that electromagnetic waves could propagate in the air, and Heinrich Hertz 
first confirmed this theory in 1888. In 1894 Guglielmo Marconi was credited as the first to 
successfully build a wireless telegraphy system, although the patents were debated by Nikola Tesla 
who claimed that they were identical to his patents. Marconi did however make the first 
transatlantic experimental radio transmission in 1901.  At this point, all communications were 
using “spark gap” technology, which meant that a single broadcast covered the entire spectrum.  In 
1906 the first Amplitude Modulation (AM) radio was invented by Reginald Fessenden allowing 
more than one station to broadcast in an area.  The first radio broadcast as we recognize it, complete 
with a human voice and music, occurred in San Jose in 1909.  This radio station, called “San Jose 
Calling” was using spark gap technology, however daily radio broadcasting didn’t begin to occur 
until 1916 when Harold Power began to broadcast out of Tufts University.   
At this point receivers were built as crystal sets, however by the mid-1920s vacuum tube 
radios revolutionized receivers and transmitters allowing for much higher amplification of the 
signal. The invention of frequency modulation (FM) as well as single sideband (SSB) were 
invented by amateur radio operators during the 1930s and were established as commercial modes 
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of radio by 1940.  FM radio was able to reduce static and interference from the air by changing the 
frequency of the radio wave.  FM radio was soon adapted into early television technology and by 
the end of the 20th century became responsible for the birth of the mobile phone network as 
well.  Radio stations still operate in nearly every city in America and are still broadcasting to most 
every person in the United States.  
2.2 FCC Regulations 
The Federal Communications Commission, or the FCC, regulates all radio, television, 
satellite, and wireless communication in the United States. The FCC provides a series of in depth 
regulation for FM radio station that need to be followed. Since the main goal of this project is to 
improve and expand WICN’s current broadcast signal, the group paid close attention to the FCC 
regulations. The group also looked into the FCC regulations on interference and field testing since 
investigating interference from WSMA and WYID were also part of the project. The team read 
through all relevant regulations about to learn and understand them in order to prevent any future 
violations of the regulations (FCC, e-CFR Code of Federal Regulations, Subpart L-FM Broadcast 
Stations, §73.207, §73.211, §73.213, §73.215, 2001) 
2.3 The Problems and Goals 
WICN desires to increase the number of jazz listeners through their radio station. Currently 
WICN is receiving complaints of their signal being interfered by WSMA’s signal, which transmits 
from Scituate, Massachusetts, and WYDI’s s signal, which transmits from Derry, New Hampshire. 
Secondly WICN signal is very poor in many areas in their service contour. Lastly WICN would 
like to expand their signal into the Boston area in order to gain more listeners. The goals of this 
project are to research ways to reduce interference, improve, and expand their signal. This project 
4 
 
focused on researching a breadth of options and producing a list of preferred options, allowing 
future projects to focus on a particular option and go in more depth. 
2.4 Radio Interference  
Radio Frequency Interference (RFI) is the unwanted noise or static that is introduced when 
an electrical circuit encounters radiation on a similar or identical frequency to the one it is 
attempting to listen to. This can be caused by several sources, either electrical interference the 
receiver is encountering due to nearby high energy power sources, or radiation interference caused 
by an outside broadcast on the same or very similar frequency.  This can happen when one radio 
station is broadcasting to an area and at the edge of their broadcast zone, another radio station 
begins their broadcast zone.   
Interference can cause neither station to be heard clearly right at the edge, and in some 
cases can cause one station to actually overpower the other station and interfere with the signal to 
the point that the original station would not be heard. This is not an uncommon occurrence in the 
United States as it has a very large number of radio stations and there are many instances where 
one station could block another’s transmission from a certain area.  This is a major reason that the 
FCC has begun regulating radio stations and includes large fines if a radio station is illegally 
increasing their broadcast area to interfere with another station. 
2.4.1   Past Project: “FM Radio Interference Investigation” 
The independent project titled “FM Radio Interference Investigation” by Jordan Brauer 
and Justin Rice describes a field test conducted to determine whether if the broadcasting signal of 
WSMA, a station located in Scituate, Massachusetts which broadcasts at the same frequency as 
WICN, is broadcasting outside of the limits of their FCC license and thus interfering with WICN's 
signal significantly. According to the project paper, a representative from WICN claimed that 
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WICN lost half its listeners when WSMA came on the air in 2008. This was mainly assumed to be 
caused by the interference of WSMA's signal with WICN's signal, suggesting that WSMA is 
transmitting outside of the limits of their license. 
The project explores FCC's regulations related to radio signal interference, prohibited 
overlap, and FCC's procedures on how to take measurements and collect data to determine signal 
interference levels. The authors then discuss how they conducted the test and analyzed the 
collected data. 
Data collected from the field tests indicated that WSMA's license was in violation of 
prohibited overlap subsections of FCC's regulations. However, the data did not suggest that 
WSMA was broadcasting outside its licensed transmission authorization. An important point about 
the field test conducted by the authors is that their methodology did not follow FCC's measurement 
procedures precisely. The FCC required that the measurements be taken 9 meters above the 
ground, but the authors took the measurements 3 meters above the ground. The authors discuss in 
the paper that this lower measurement height may have picked up inaccurate data because of 
obstacles such as hills, buildings and dense tree cover, which reflect radio signals. 
In the conclusion, the authors suggest a formal investigation of WSMA's broadcasting 
applications be conducted and an inquiry be made into WSMA's license to confirm the prohibited 
overlap violation. Additionally, they discuss ways to improve WICN's signal competitiveness. 
2.5 Signal Expansion and Improvement 
The team researched a variety of ways in which WICN’s broadcast signal could be 
expanded or improved. The team looked at methods that other stations have used to improve 
broadcast signals, as well as other theoretical methods that have yet to be done.  
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2.5.1 Translator Stations  
Translator stations are essentially smaller power radio stations that enhance the primary 
station which broadcasts in the FM frequency band, 88 MHz to 108 MHz. These stations can be 
used to provide additional coverage to areas within or outside of the protected service contour of 
the primary station. Under the FCC regulations translators have specification and requirements. 
Translator stations must concurrently broadcast the primary radio station on another frequency. 
Since translators operate on a different frequency, they may not only operate completely within, 
but also partially outside or completely outside the primary station’s protected service contour, as 
long as the translator does not interfere with adjacent station’s service contour. Translator stations 
may only operate up to 250W. Translators may get their signal to broadcast, from terrestrial, 
microwave or satellite.  The team found that a translator station would be an excellent way to 
expand WICN’s signal into Boston or improve WICN’s signal, if an open frequency was available 
to transmit at. 
2.5.2 Booster Stations 
A booster station is a station in the broadcasting service operated for the sole purpose of 
retransmitting the signals of an FM radio broadcast station, by amplifying and re-radiating such 
signals, without significantly altering any characteristic of the incoming signal other than its 
amplitude (FCC, e-CFR Code of Federal Regulations, Subpart L—FM Broadcast Translator 
Stations and FM Broadcast Booster Stations, §74.1201, 1970). FM booster stations are essentially 
auxiliary transmitters for a parent FM station, used to enhance the signal quality and coverage 
within the licensed protected contour area of an FM radio station. FCC states that boosters cannot 
be used to expand a radio station's signal outside its licensed predicted contour area. The booster 
station must also transmit on the same FM frequency as their parent station (Radio Locator, n.d.) 
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and the effective radiated power (ERP) of a booster station should not exceed 20% of the maximum 
allowable ERP for the parent station's class. Since booster stations may only operate within the 
protected service contour, there is no limit to the number of booster station that an FM radio station 
can set up, although a separate license application is needed for each FM booster station (FCC, 
Title 47 Telecommunication | Parts 70 to 79, p. 527, 534, 2012). There are three essential criteria 
that needs to be met in order to set up a successful booster. First the clocks of the parent and booster 
station need to be synchronized. Second the modulation and frequencies also need to be 
synchronized. Lastly time delays between the parent and booster stations must be included to 
reduce effects of interference from the booster station.  
If an FM receiver is presented with two signals with very similar frequencies, the signal 
with the higher amplitude will be captured. In order to prevent interference and distortion caused 
by receiving two signals, the parent and booster signal should have a difference of at least 15 dB, 
so that the stronger signal is captured cleanly. If the signal frequencies are synchronized well, this 
capturing effect can be achieved if the signals have difference of at least 6 dB. Proper modulation 
synchronization is also essential to prevent noise caused by reception of out-of-phase signals from 
two sources (TFT Inc., 1997). 
2.5.3 Tower Height and Location 
At the FM frequencies, the radio waves follow line-of-sight propagation, in which the radio 
waves travel in linearly. Due to the contours of the earth, the maximum distance that a tower could 
reach is shown in Equation 1. Therefore by increasing the height of the radio tower, the station can 
expand its signal’s maximum possible distance. However, to reach this desired distance, the station 
may also need to increase its power output. Increasing the height of the tower will also improve 
the signal in its current region by raising it further above trees, buildings or hills that may cause 
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interference with the signal. Increasing the height alone may not expand the signal, but it will 
enhance the current signal’s region and also increase the maximum distance of the signal.  
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑘𝑚) = 3.57 ∗ ℎ𝑒𝑖𝑔ℎ𝑡(𝑚) Eq. (1) 
Changing the location of the antenna was also discussed. If the antenna was moved to 
another location with less interference from the terrain or buildings, the signal quality could be 
improved. However if the tower is moved, the service contour would be moved as well. It 
necessary to make sure that the new location would not lose listeners nor would it overlap with 
adjacent station’s protected service contour.  
Changing the height or location of the radio tower could improve the signal quality within 
its current contour. Although, depending on the current power output, the range of the signal may 
or may not increase. Additionally, the station would need to make sure that they are not breaking 
FCC regulations on tower height or their protected service contour. 
2.5.4 Transmission Power  
Due to the atmosphere, all wireless signals will attenuate, or lose power, over distances. At 
long distances, the signal may not even be noticed. The attenuation of the signal is based on the 
frequency that it is operating at. A station cannot, therefore, just transmit at a low power and expect 
the signal to reach its possible maximum distance. On the other hand, this allows more stations to 
broadcast at the same frequency closer together without interfering with the other stations’ signals. 
By increasing the power of the transmitter and thus the power of the signal, the radio signal longer 
will take longer to attenuate all of its power. Unfortunately a radio station cannot just purchase a 
higher power transmitter and start transmitting; they would need to go through the FCC and make 
sure that the new signal will not overlap with another station’s protect service contour. 
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2.5.5 Antennas 
The most basic antenna is an omnidirectional antenna, which in theory will propagate 
Electromagnetic waves equally in all directions even into to the atmosphere. Not only is this type 
of antenna impossible, but it is also not efficient because some wave radiate into the sky. Since 
this is impossible to achieve and in most radio applications have a desired direction, nearly all 
antennas are directional. That is these antenna will have a higher gain in concentrated in one 
direction, called the main lobe. Using just a single antenna has some drawbacks, and therefore 
many stations will uses multiple antennas to broadcast. 
One issue with only one directional antenna is the beam tilt. This is the angle of the main 
lobe with respect to the horizon line. It is generally desired to aim the main lobe below the 
horizontal plane which would improve the signal. This can be done simply by tilting the antenna 
physically, but this will cause the opposite end to be aimed above the horizontal plane reducing 
the quality in the opposite direction. By using multiple antennas, and aligning and phasing them 
in a certain way can cause all or most lobes are tilted downward. This approach is called phased 
arrays. Phased arrays is the idea of using multiple antennas, usually a wavelength apart, at different 
phases to change the shape of the stations broadcast. What this means is that by using more than 
one antenna they can be configured in such a way that will cause the signal to superimpose in 
certain areas, and cancel out in other areas. The objective of phased arrays is to pick locations and 
phases which will increase the gain in desired areas and decrease the gain in undesired areas.  
Another factor to consider is the polarization of the antenna. All E-M waves consist of an 
electric field component and magnetic field component. The electric field and magnetic field are 
always perpendicular to each other and to the direction that the wave is traveling. For example is 
the wave is traveling along the x axis and the electric field is propagating along the y axis, then the 
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magnetic field must propagate along the z axis. The polarization of the antenna depends of the 
orientation of the electric field. That is if the electric field oscillates over is the horizontal plane, 
then the antenna is horizontally polarized, also if the electric field oscillates over is the vertical 
plane, then the antenna is vertically polarized. If the electrical field propagates in both the vertical, 
horizontal and in between, then the antenna is considered circularly polarized. Different radio 
applications generally use different polarizations, for example car “whip antennas” are vertically 
polarized. It is important to note that a vertically polarized antenna cannot receive a horizontally 
polarized signal. By selecting the appropriate antenna polarization, the radio stations signal could 
be improved. 
2.6 Internet Booster Station 
At a meeting at with WICN, Dave Doherty said that currently booster stations can be 
expensive to build and maintain. By using microwave or terrestrially fiber optic cables, the primary 
tower and booster station communicate and sync their signals. Both fiber optics cables and 
microwave communication can be expensive to build and maintain. Dave believes that it is 
possible to have the primary and booster station to synchronize and communicate using the 
internet, nor does he think that anyone is currently testing this theory. The team decided to test the 
feasibility of this idea and to make an internet booster station since it may be a cheap, but effective 
alternative to regular booster stations. The team concluded that there are two main areas that needs 
to be investigated in order to design an internet booster station: Wireless communication and clock 
synchronization. 
2.6.1 Wireless Communication  
Wireless communication is achieved by sending information between devices in the form 
of electromagnetic waves. Electromagnetic waves are created by moving electric charge. Before 
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the information can be transmitted, typically two things need to be applied first. The first is the 
information needs to be encoded and modulated into a waveform signal. The second is the signal 
needs to be modulate to radio frequencies in order to be transmitted over the air. 
Audio is a continuous waveform because it can take on infinitely many values at any given 
time. Analog audio signals can be handled with analog circuitry or converted to a digital signal 
and then handled through programing, there are typically two methods that are used to encode 
information of the signal.  
The first method is amplitude modulation, where the information is encoded in the signal. 
With audio, the signal only needs to be amplified or decreased, then modulated to radio frequency. 
Using analog circuitry this can be achieved using an audio amplifier, with gain greater than one or 
less than one. If the audio was converted to a digital signal then it just needs to be multiplied or 
divided by a number. The digital signal will then have to be converted back to the analog domain 
to be modulated to radio frequencies. 
The second method is frequency modulation, also known as FM. With this type of 
modulation the audio signal is encoded in the frequency of transmitted. For example the larger 
signal value will correspond to a higher frequency in the transmitted signal, and a lower signal 
value will have a lower frequency. Similar to amplitude modulation the signal can also be treated 
in the analog domain or the digital domain.  
Most AM and FM circuits will modulate the signal in the baseband or to an intermediate 
frequency which are not high enough for wireless communication. The last thing that needs to be 
applied to the signal is shift in frequency; the signal will be shifted to the left and the right in the 
frequency domain. The signal can be modulated to a higher frequency by multiplying the signal 
by a pure sine or cosine at that frequency. This frequency shift can be implemented with an 
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oscillator circuit that will create a sine or cosine wave at a set frequency and multiply it with the 
input signal. 
Amplitude modulation and frequency modulation both accomplish the same task, but they 
solve this task in different ways. Each method has both advantages and disadvantages. As 
mentioned before in AM, the information of the signal is the amplitude of the resulting signal, and 
in FM the information in the frequency of the signal. One main advantage of AM is that the circuit 
is very simple and easy. FM on the other hand deal with a much more complex operation therefore 
the circuit is much more complicated to design and build. It is much simpler and easier to 
implement an AM system because the math behind the operation is much simpler. Both AM and 
FM are both very practical and used very often in field but each has their own advantages and 
disadvantages.  
 
Figure 1 Simulated Signal 
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Figure 2 Signal after AM modulation 
14 
 
 
Figure 3 Signal after Frequency Modulation 
Audio signal can be handled as a continuous signals and discrete or digital signals using 
analog to digital converters. Each type signal can be handled in different ways. Continuous signals 
are handled with analog circuits because a circuits and digital signals are managed with digital 
logic or programing. Both forms of signal processing manipulate the signal with mathematical 
functions and equations. Alternatively, the signal can be converted from the analog or digital 
domain to the digital or analog domain respectively, and then handled with digital logic or analog 
circuitry.  
Both analog and digital signal processing have their benefits and their limitations. Most 
signals that exist in nature are analog signals for example audio and temperature. It is much quicker 
to handle these signal with analog circuitry than digital circuitry. Using analog circuitry just 
requires applying the signal to a circuit. If the signal is to be treated as a digital signal it must first 
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be converted into a digital signal which takes extra time. Since digital signal processing uses 
programs to process the signal, it is much easier to modify than a circuit. Lastly analog circuits are 
more complicated to understand, make, debug, so digital signal processing is much simpler to 
implement. 
2.6.2 Clock Synchronization 
In order for a booster station to transmit without causing noticeable interference, the clocks 
of the booster and parent stations need to be within one microsecond of another. Therefore the 
team first needed to research ways to synchronize the clocks. Currently many stations use either 
terrestrial fiber optic cables or microwave communication. Both of these approaches are very 
expensive to setup and maintain. The team found that there are global positioning systems (GPS) 
that are used solely for time synchronization. These systems can stay synchronized down to about 
10 nanoseconds, which is far below a microsecond (Wechsler, 1990). Unfortunately these systems 
cost up to a couple of hundreds of dollars, and the team had no budget for the project. Therefore 
the team decided to use a smartphone because it has a built in GPS, Wi-Fi, and it can be easily 
programmed.  
2.7 Background Summary 
The team completed background research on ways for WICN to improve and expand their 
signal. From this research, the team found that WICN’s expansion to Boston via radio would be a 
very challenging and costly process, and this type of radio expansion has been ruled out by our 
team. Currently, there are no open frequencies in Boston for WICN to reserve and broadcast from 
and if there was an opening that WICN could use, it would still be a challenge to expand to Boston, 
as WICN would have to find or build a translator station near Boston.  This, in and of itself, would 
be difficult given that open translators are sparse and building them from the ground up is 
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expensive. Additionally, WICN would have to initiate a campaign to inform people about the new 
frequency in Boston since they would not be operating at their original frequency, and therefore it 
would take some time to build up an audience. Therefore, the team decided to find other 
alternatives for expansion and concluded that expansion through the internet and mobile 
applications would be the best options. A detailed explanation of these options is provided later 
on.  
After coming to this realization, the team then focused on finding a solution to improve the 
radio signal in the protected contour area. Since booster stations are relatively expensive and 
difficult to set up and maintain, the team worked on designing a simpler and more robust prototype 
of a booster station. Since synchronizing the parent station and the booster is the most difficult and 
expensive part of a booster station network, the prototype focused on creating a simpler and 
cheaper way to keep the clocks synchronized. 
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Chapter 3: Methodology 
In order to meet the goals of broadcast expansion and improvement that the team had 
decided on, we chose to pursue the development of an internet booster station.  The team decided 
to test the feasibility of an internet booster station as a cheap and reliable alternative to current 
booster station through a prototype. The main testing method would be to run this to rebroadcast 
an AM radio signal to check for interference.  The prototype was first broken up into a software 
component and a hardware component.  
The software component consisted of three areas: the user interface, getting the music 
stream, and synchronizing the clock. The team started developing an Android app and 
implementing the three areas of the prototype using an Android OS smartphone. A smartphone 
was selected to be used because of our limited budget and because of a smartphone’s built-in GPS 
capabilities.  
The hardware components consisted of the physical components needed transmit the 
signal. In order to transmit the signal its information needs to be encoded and then modulated to 
the carrier frequency. Again due to budget constraints the team decided to research and build the 
hardware instead of purchasing the hardware. 
3.1 Software 
3.1.1 User Interface and Settings 
The user interface was planned to be as simple as possible and provide only the required 
functionality and nothing else. Therefore, it would have two main functions for the user; the ability 
to start and stop streaming of radio and the ability to receive the GPS coordinates of WICN’s main 
broadcasting station and the other prototype booster stations. The GPS locations would help the 
application to calculate the broadcasting delays that needs to be applied in order to prevent phase 
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cancellation and interference, and to achieve modulation synchronization. The technical details on 
how the GPS information would be used is described in detail in the following sections. 
Given that complex algorithms have to be implemented in the application in order to 
calculate the GPS coordinates internally, the coordinates would be found from another application 
such as Google Maps, and manually enter the coordinates to a file shared between all the booster 
stations. 
The final design had one button associated with starting/stopping the stream, one button 
associated with editing the shared file, and one volume slider as illustrated on Figure 4 below. It 
should be noted that this model represents a very early stage in development. The team was more 
focused on testing the feasibility of the internet booster station than perfecting the user interface 
for a final product. 
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Figure 4 User Interface Design  
3.1.2 GPS Location and Time Synchronization 
One hurdle that needed to be cleared in order to construct a booster station device was to 
provide some inexpensive, wireless means for establishing location and time synchronization with 
the broadcast tower. Given that the plan was to use an Android device as the CPU of the booster 
station, the simplest way to do this would seemingly be to use the built-in GPS in the Android 
phone.  This however, raised some questions about the accuracy and precision of the built-in device 
and whether relying on it for synchronization would be sufficient for our needs. Another option, 
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while more expensive, would be to use an external GPS time-synchronization device which 
guarantees high precision but comes with a higher cost and also the additional challenge of 
connecting the device to the inner workings of our software on the Android phone. 
In order to accurately determine the current Universal Time through the Android GPS 
configuration, we researched third party tools such as ClockSync to help establish a precise and 
accurate fix on the necessary timestamps.  These tools tapped into built-in hardware to synchronize 
the internal clock of the device over the Network Time Protocol (NTP) to the universal GPS time 
that is necessary for accurate synchronizations to take place. 
Once this was decided on a means for collecting the necessary data, the next step was to 
use this data in the application in order to maintain proper time-synchronization with the main 
broadcast signal as well as giving the prototype the geographical data to calculate the necessary 
shifts and delays to achieve modulation and frequency synchronization. In order to accurately 
make these calculations and implement the necessary adjustments, it was essential to be sure that 
the readings were at an appropriate precision.  The required precision is found to be around one 
microsecond away from the true universal time (TFT Inc., 1997, p. 3). 
3.1.3 Internet Music Stream 
Another main part of the prototype was being able to get the on air recordings that needed 
to be broadcast. The team found the simplest and most robust way to receive the show was through 
the internet. This was chosen because the prototype simply needs to be connected to the internet, 
through a wired connection or through wireless, such as Wi-Fi or cellular 4G/LTE. This also means 
the radio is restricted to anywhere in which there is internet connection or cellular connection, 
which today is almost anywhere. For the purposes of proving the concept any internet music station 
would so the team planned on using WICN’s online radio station.  
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A potential issue when using the internet, is there is always the chance of losing packets or 
slow connection. One solution that the team chose was to store the data and buffer it by a few 
minutes. That means that when the stream is received, it is not immediately broadcast, instead it is 
stored and buffered then broadcasted. If the connection was slow for some length of time there 
would be data already stored up to be broadcast. In addition if few packets were lost in the 
transmission, this would give the station time to resend the packets.  
In order to find the optimal buffer time delays would have to be tested. The delay would 
have to be long enough such, if there were lost packets or slow connection, the radio would not 
transmit all the buffered data before the connection improved. Also the buffer should be short 
enough so that it does not take up too much of the radio systems memory. This would depend of 
the physical memory of the system being used. Finding the optimal buffering time was left as an 
additional require and instead the team focused on building a functional prototype first. 
Buffering the data would also help solve another problem that arises with the internet, 
which is that the data will not arrive at both machines at the same time. Since the towers need to 
be broadcasting the same data at specific time, the data cannot be buffered for set time. Instead 
each packet would have to be transmitted at a specific time determined by the master station. The 
master station would then have to send a timestamp with the packets that tell each station when to 
transmit the data, this is assuming that the clocks are synchronized. 
3.1.4 Software Integration 
The main purposes of the program were to be able to stream from WICN’s online radio, 
synchronize the clocks, and export the audio stream to the booster station hardware to be 
transmitted. The GPS location would be used to calculate broadcast delays and shifts based on 
other booster stations’ and the main station’s location to prevent signal cancellation and 
22 
 
interference. The GPS would also provide the stations with synchronized clock. Lastly the program 
had to be able to buffer incoming packets, interpret the timestamp overhead sent by the main 
station, and output signal at the correct times based on the previously calculated delays, so that 
synchronization problems are minimized.  
3.2 Modulation and Transmitter Hardware 
In order to test the proof of concept prototype the team chose to focus on using amplitude 
modulation followed by an RF modulator in hardware. Amplitude modulation was chosen because 
it is much simpler to design an amplitude modulation circuit than frequency modulation circuit. 
Additionally none of the team members had any experience designing frequency modulation 
circuits. Since frequency modulation is much easier to design in a program, a simple frequency 
modulation program was designed in MATLAB. The following sections explain how each of the 
AM, FM, and RF modulation functions were designed and how they work. 
3.2.1 Amplitude Modulation Circuit 
The team chose to perform the amplitude modulation with a circuit. AM modulation is 
extremely simple to perform with either a circuit or a program. Also analog circuits are typically 
faster and output better quality than digital signal processing. For these reasons the team believed 
it was best to just use an analog circuit for AM modulation.  
Amplitude modulation is simply encoding the information of the signal within the 
amplitude of the transmitted signal. There are variety of ways that this could be accomplished. The 
team decide to accomplish this by using an audio amplifier with a potentiometer to control the 
gain. The circuit that was designed is shown in the figure below. The circuit will multiply the input 
waveform by some constant gain, where the constant is determined by adjusting the potentiometer. 
In this circuit the resistance of this potentiometer can vary from 0 ohms to 100 kilo-ohms by adjust 
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the potentiometer from 0% to 100%. The gain of the circuit can be solve using the equation below 
where R2 is the resistance of the potentiometer  and R1 is the 1 kilo-ohm resistor as shown in the 
figure below. For example when the potentiometer is at 100% or 100 kilo-ohm the gain is 101, 
therefore the output is 501 times the input waveform.  
 
Figure 5 Amplitude Modulation Circuit 
The following two figures are simulated results of the circuit shown in the figure above. 
The input in red for both figures is 50 mV sine wave at 1 KHz which is the typical output voltage 
of an audio jack and a typical frequency found in audio signals. It is important to note that the 
input scale is 50 mV divisions while the output scale is 1 V per division. The first figure is the 
results when the potentiometer is at 100 kilo-ohm. Using the equation above the gain of the system 
is 101, and the output should be a 1 KHz sine wave with an amplitude of 5.05 V. As shown in the 
figure below the peak of the output wave form in blue is around 5V as expected. The second figure 
is the result when the resistance of the potentiometer is 25 Kilo-ohms. Using the same equation 
the gain is 26, and the output should be a 1 KHz sine wave with an amplitude of 1.3 V. Due the 
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resolution of the scale of the plot the output waveform has around a 1V peak which is close to the 
expected value. 
 
Figure 6 Result of AM Modulation Circuit for High Gain 
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Figure 7 Result of AM Modulation Circuit for Low Gain 
3.2.2 Radio Frequency Modulator 
Regardless of whether the signal modulation was performed in the digital domain or the 
analog domain the signal will have to be modulated to radio frequencies in the analog domain prior 
to the signal being transmitted. Using the Fourier transform the signal can be modulated to radio 
frequency by multiplying the circuit by a sine wave at that frequency. This can be achieved by 
making a radio frequency oscillator and using to modulate the signal to radio frequencies. No one 
on the team had much experience designing or building oscillators and modulators so the team had 
to perform some research in order to gain a better understanding on how to design an oscillator. 
With the help of a WPI laboratory assignment and online research the team was able to build a 
modulator. The circuit in following figure is the modulator that was made from the WPI laboratory 
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assignment (Cyganski, 2010). The circuit consists of an oscillator that creates a sine wave at 1400 
KHz, and multiplies the input signal by the sine wave producing a signal that can propagate 
wirelessly. For the antenna a simple enameled magnetic wire was used. 
 
Figure 8 RF Modulation Circuit from ECE Lab 
The following figure shows the result of the RF modulator circuit. In blue is a 1 KHz sine 
was with a peak of 1.5 volts. In red is the resulting wave with the 1 KHz wave riding on the 1400 
KHz wave. 
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Figure 9 Results of RF Modulation Circuit 
3.3 Functionality Testing 
In order to prove that the prototype is working, the team devised a few methods to test each 
module and the integration of the entire prototype. The team first tested the functionality of each 
module to verify that each was working properly before integrating the entire system.  
The first module to be tested was the modulation hardware. After the hardware was built, the team 
tested the functionality of the transmitter. The transmitter was tested by connecting a phone to the 
audio jack in the transmitter using a male to male audio cable. The team played a song from the 
phone and it was transmitted by the transmitter. To test if the module was working an AM radio 
receiver was stationed near the transmitter. 
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The next module that was tested was the audio streaming. Once the code to get WICN 
online broadcast was completed it was then tested. This module was simply tested with an Android 
phone to see if it would output WICN’s online station. After the basic stream was tested and proven 
to work it was then integrated with the transmitter to test if WICN’s station could be transmitted 
over the air.  
The third module that was tested was the GPS location. This module would be tested by 
getting the coordinates and outputting the results. The results would then be confirmed using 
Google maps to prove that the resulting coordinates were correct. 
Lastly the time synchronization module would be tested. Since being able to see clock 
synchronization to the microsecond would be very difficult to see in real time, therefore we would 
have to eyeball the clocks to see if they were remaining synced.  
After all of the modules were tested and working then the final integration would be 
completed and tested. The final integration would be tested by using two prototypes in the same 
room with a radio receiver. Both prototypes would be running and transmitting at the same time 
and the radio receiver would be listening. If the prototypes work then the signal should be clear at 
the receiver. If the prototype does not work then the signal would be unclear and potentially 
hearing both transmitters at the same time. 
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Chapter 4: Data and Analysis 
4.1 Results 
The project aimed to solve the issues presented to the IQP team by WICN.  The proposed 
solutions at the beginning of the project included expansion of the radio broadcast signal, opening 
of a new booster station, purchasing of an existing radio tower or the development a prototype 
internet booster station. After researching each of these potential solutions, the team focused on 
the development of the prototype internet booster station. 
The team divided the development of the internet booster station into two main parts to the 
prototype: the hardware and software. The hardware consisted of the AM modulation and RF 
modulator and transmitter. The software was an android app that would obtain WICN online 
station, synchronize the clock through GPS, and output the audio at precise times based on the 
distance between the two booster stations.  
When developing the prototype the team was able to successfully obtain the GPS location 
and stream WICN’s online station. The prototype would output the stream to audio jack to the AM 
transmitter. The AM transmitter was then able transmit the signal to an AM radio receiver on the 
other side of the room. Unfortunately the team was unable to properly synchronize the clocks down 
to a microsecond due to the precision of the on board GPS. 
4.2 Errors 
As the project moved forward the team encountered several problems that prevented the 
team from truly finish building either of the possible solutions. The team ran into issues with both 
the hardware and with the software.   
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For the hardware, there were some problems with the circuit including that the team had to 
design an AM modulation circuit, not a FM modulation because of the difficulty the team 
encountered in the design of that circuit.  Another issue was the team had to work without the more 
precise components that are needed, since those components were quite expensive. Lastly due a 
lack of budget the team was unable to purchase a more powerful transmitter which could have led 
to better results. 
The team experienced two major software related problems. The first one was related to 
GPS synchronization. The precision of ClockSync and other similar programs is around 1-20 
milliseconds which leads one to believe that there is a physical limitation on the internal GPS 
hardware of Android phones that makes accurate synchronization with the broadcast tower 
unfeasible. This was a major factor in the team’s decision to stop work on the Android platform 
and look to different options for the future. The second one was related to calculating transmission 
shifts. The team was able to successfully stream WICN’s online radio from our application, 
however, was not able to work on the complex parts of the software such as developing the 
algorithm to calculate necessary transmission shifts. Our team ceased development of this program 
in this very early stage based on lack of resources and time to work on the complex parts mentioned 
above. 
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Chapter 5: Recommendations and Conclusion 
5.1 General Recommendations 
The team researched ways to expand and improve WICN’s broadcast signal. The team 
focused on three main areas, interference, expansion, and improvement with WICN’s signal. After 
researching various methods to improve each of these areas the team has provided suggestions 
regarding each of the three areas.  
5.1.1 Interference 
As discussed in section 2.4, WICN may be experiencing interference from other station 
transmitting beyond their service contour into WICN’s service contour. With the help of two WPI 
students, WICN perform field testing on WSMA’s signal broadcast to test if WSMA was 
transmitting outside their contour. The results of the test proved that WSMA is not transmitting 
outside of their service contour. The group then had a meeting with Jordan Brauer, one of the 
students who performed the field testing. The meeting discussed ways to improve upon their field 
testing project and whether or not it was worth repeat and redesigning the past field tests. 
After talking with Jordan, the main issue with their test was the size of the antenna that 
they built was only 3 meters and the FCC dictates that it must be 9 meters, as mention before. 
There were a few reasons that Jordan and his partner were constrained to the 3 meter tall antenna. 
The first reason that the antenna was only 3 meters tall is because the mast used to hold the antenna 
had to be quickly and easily broken down and portable. Another reason was that they need to take 
measurements while moving 30 meters. Jordan said that even with just a 3 meter mast they had 
difficulty taking the moving measurements because the mast was extremely wobbly and unstable. 
If the group was to try and improve the field test, a taller mast would have to be designs and made 
in order to obtain more accurate data. The best way that the team found to solve this solution was 
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to build a small tower that would fit in the bed of a truck and could also be broken down easily. 
This would fix both the height and the moving measurement issues.   
The team discussed redoing the field test with the improvements discussed above with 
Dave Doherty, the Consulting Engineer for WICN. Dave mentioned that FCC regulations for 
interference are very outdated. Today’s radio receivers can accurately receive signal with lower 
power than the 60dBu contour that the FCC permits. Therefore the field test requirements are no 
longer that valid or accurate. Also, WSMA could still be operating at their allowed levels, but due 
to more accurate and sensitive radios, could be causing the interference.  
The team decided against pursuing interference testing. Although the previous test were 
not perfect the measurements were far below the expected levels for interference, therefore redoing 
the field was too much work with little, if anything to potentially gain from redoing the field tests. 
Additionally improving WICN’s signal strength will also improve the interference from WSMA. 
5.1.2 Expansion 
The team looked into various methods that WICN could expand their broadcast signal to 
Boston. As previously discussed these methods included building a translator station, increasing 
the transmission power, and changing the location of their broadcast tower. Each of these methods 
require an open frequency that would not cause interference as defined by the FCC. Upon looking 
more closely at the spectrum usage in Boston the team found that there are currently no available 
frequencies for a new station to be opened without causing interference. The team has proposed 
two possible solution to open up a frequency to be used. 
The first suggestion is the simplest, would be to buy out another station or make a deal 
with another station currently transmitting in the Boston area. This method would require the most 
upfront cost. Depending on the station and how much frequency is worth to them will determine 
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how much the frequency will cost. This method would require find a station that will be willing to 
sell their frequency. 
The second suggestion would be to work with the stations in Boston in order to reallocate 
the frequency usage for station transmitting in Boston. The Goal of this method would be to make 
the spectrum usage in the Boston area more efficient and create open radio frequencies. Although 
this will not cost a lot of money up front this method would require a lot of cooperation with other 
stations. This method would also take a lot of time and effort which in many cases is worth money. 
One major drawback to this method is that it does not guarantee that it would result in a free 
frequency.  
If WICN is able to obtain an open frequency in then they could expand their broadcast. If 
WICN was able to obtain 90.5 MHz, which is their own frequency, then they could expand by 
increasing their power or moving their broadcast tower closer to Boston. Increasing the power of 
the transmitter would not be a onetime purchase, the monthly power consumption and thus increase 
the power bill proportional to the increase in power consumption. Moving the tower closer to 
Boston would be a onetime cost.  The cost will be dependent upon couple of factors. The cheapest 
method would be to setup the transmitter on a preexisting tower. This would just require WICN to 
purchase the rights to transmit from the tower. The more expensive alternative would be to build, 
this would still require purchasing the land and then building the tower. Both of these methods 
would also require WICN to fill out the appropriate paperwork for the FCC. 
If WICN is able to obtain another frequency then a translator station would be the best 
method. This would also require a WICN either building a tower or purchasing a tower to transmit 
from. Again WICN would also have to fill out the appropriate paper work for the FCC to approve 
of the translator station.  
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The team also looked into an alternative method to increase the number of listeners without 
expanding the radio broadcast. The team looked into ways to expand the number listeners of their 
new android and iPhone apps. 
There are a few ways to listen to WICN online. One way is to download a .m3u or .pls file 
from WICN’s website and listen through a media player using the downloaded file. Another way 
is to listen from an iOS device via the Public Radio Player application (or any other online radio 
application which provides a WICN stream). There are detailed instructions on WICN’s website 
on how to listen online through these alternatives. Additionally, listeners who have an Android 
device can download the WICN Radio app for Android, which was developed by an IQP team at 
WPI. Another IQP team has been developing a sister application for iOS devices. In addition to 
listening directly through venues that WICN provides, listeners are able to use third-party services 
such as TuneIn or IHeartRadio to listen to WICN’s broadcast over the internet. 
We suggest WICN to promote these alternative listening options to their audience through 
regular website updates, their subscriber newsletter, radio spots dedicated to self-promotion in 
between their shows, and press releases about their upcoming mobile updates on the iOS 
application. Additionally, we also suggest WICN to write about their Android app option on their 
listen live online page (wicn.org/listen-live-online). Keeping their listeners up to date on the new 
options available to them will help their audience grow and continue to support the station as well 
as allowing better access to people interested in their programming who otherwise would be unable 
to listen live or on traditional radio. 
5.1.3 Improvement 
As mentioned before WICN’s and shown in the signal maps in Appendix A, their signal is 
weak or non-existent in many areas. The researched various methods that WICN could use to 
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improve broadcast strength of their signal.  The team has created a list of recommendation of the 
best solution which include building a booster station, translator station, or changing the tower 
location. In addition, we also worked on designing our internet booster station prototype, which 
may be a cheaper and easier solution when developed. 
A booster station is specifically designed to improve a station's signal is a specific area 
within the parents contour. The booster station will broadcast the parent signal on the same 
frequency as the parent. Therefore in addition to the tower, transmitter, and other broadcast 
materials, the booster station also needs equipment to synchronize the stations clocks to within a 
microsecond precision. These materials can cost up to tens of thousands of dollars.  
Translators on the other hand transmit the signal on a different frequency, therefore it does 
not require expensive equipment to maintain clock synchronization. This also means that the 
frequency must be available in the area that the translator will broadcast and WICN will have to 
go through FCC in order to broadcast on that frequency. To build a translator will also require the 
same basic materials that a normal station or booster station would need to broadcast. 
The last suggestion is changing the location of the broadcast tower. As shown in the map 
of the current broadcast location in Appendix A, the signal is strong in some areas but weak or 
nonexistent in many areas. Changing the location of the broadcast tower may help improve the 
overall quality of signal. The figure in Appendix A, provide by Dave Doherty, shows that simulate 
signal strength if the tower was moved the telegraph building in downtown Worcester. Even 
though the signal is weaker in some areas the overall signal is stronger. The team looked at moving 
the broadcast tower to the telegraph building, but due to the current construction in the building 
this location would not be attainable. The team suggests looking for another possible location to 
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change the broadcast tower to. This method would require purchasing a new tower and moving all 
of their current equipment or purchasing new equipment. 
After looking at all of these potential solutions for improvement, there is no cheap and 
reliable method for improving a stations signal. The team attempted to prototype an internet 
booster station that would be a reliable, cheap, and effective alternative for improving broadcast 
signal quality. 
5.2 Internet Booster Station Recommendations 
Although the team was unable to successfully build a prototype to the internet booster 
station, the team has come up with a list of suggestions for a continuation on the project. The team 
suggests continuing this project with an MQP specifically to work on the internet booster station. 
This part of the project was added on to our project after the end of the first term, and the team did 
not have enough time to properly plan for this project. Turning the project into an MQP will give 
the team a specific goal at the start of the project and allow them to plan the project. An MQP also 
allows for a budget to purchase the necessary components which the team was unable to acquire. 
The team lacked a member with experience with radios at the time of the project. The team 
suggests having a member with experience designing radio hardware or programing software-
defined radios. The team suggest using a software defined radio, a GPS for time synchronization, 
and a time stamping system to complete the internet booster station. 
5.2.1 Software Defined Radio     
A software defined radio is a radio that can be programmed to perform various radio 
applications. This type of radio is great for research and prototyping various applications involving 
radios. It is much faster and easier to implement and test applications using software as opposed 
37 
 
to hardware. After the prototype has been tested and works, then it can be implement using radio 
hardware. 
The team suggests using an Ettus Research USRP N210, which are in the Atwater Kent 
Laboratories and will be no cost to the team. This radio can be programmed using a MATLAB 
and Simulink or GNU radio. MATLAB and Simulink has a much faster learning curve but can be 
slower than GNU radio. The USRP N210 radio also directly interfaces with a computer using a 
gigabit Ethernet port. This makes it easy for a program to get the audio from the station through 
the internet. 
The main problem that the team can foresee is interfacing the software defined radio with 
the GPS time synchronization module. The software defined radio must be able to synchronize its 
clock and transmission times with other radios using the GPS in order to avoid interference. The 
team has not had enough to look into how to interface the two devices, but know that this needs to 
be done in order for the prototype to work properly. 
5.2.2 GPS Time Synchronization 
As the team discovered through testing and research, in order to precisely synchronize the 
booster station with the transmitter, a GPS unit with greater precision than 1 microsecond must be 
used at both locations to ensure accurate synchronization.  As was explained above, the internal 
GPS unit on an Android phone is precise to only a few milliseconds, so a stronger, external device 
is required to allow for accurate broadcast. 
The team did research on such GPS receivers and found several that meet the necessary 
precision such as the Motorola M12+ Receiver which has precision up to 25 nanoseconds or the 
Motorola UT+ Oncore receiver with precision of at least 130 nanoseconds.  These devices can be 
programmed externally and then connected to the SDR modules that control transmitting and 
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receiving the audio packets so that the time synchronization between the two broadcast devices is 
accurate.  The process by which the transmitter and receiver would maintain this synchronization 
as audio packets are sent to the booster module is outlined in more detail in the following section. 
In addition to time synchronization, it is crucial that the primary broadcast tower is also 
aware of the location of its child stations.  The modulation process that must be applied at both 
locations is dependent upon the distances between the broadcast towers. Although unsynchronized 
modulations are easier to fix, or tune, based off of examining signal quality than comparable errors 
in time synchronization, getting an accurate baseline computed from relative position is a good 
starting point for this process.  The GPS units referenced above and similar units of other brands 
have enough precision in terms of determining their location to provide a helpful starting point for 
this manual tuning.  Overall, these more precise, albeit more expensive, GPS modules are 
necessary for accurate transmission and synchronization of the transmitters. 
5.2.3 Timestamp System 
In order for the Internet booster station to be accurately synchronized with the broadcast 
from the primary tower, the audio packets need to contain some timestamp metadata that would 
allow for the stream to be aligned properly.  The easiest way to accomplish this would seem to be 
to transfer packets ahead of when they would be broadcast and set them up on a delay from the 
given timestamp of transmission. For instance, establish a time delay of 1 second from 
transmission and include in each audio packet some metadata in a header that the receiver could 
use to establish transmission time.  There would then be a 1 second window for the receiver to 
receive the packet, extract the transmission timestamp from the header, calculate the true 
transmission time, and then queue the packet to be sent off at that time for broadcast. 
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Another option is for the calculation of the expected broadcast to be done ahead of 
transmission and for the timestamp that’s associated with the packet to be this future time when 
the packet is expected to be broadcast by the station.  This timestamp system makes some minor 
assumptions about the speed of the transmission system performing such calculations but 
otherwise the advantages for performing the transmission in this way seem to outweigh the 
downside to making these assumptions. 
A potential upside to establishing a timestamp system in this way is that the transmitter can 
be notified when a packet is lost in transmission by expecting receipt notification from the 
booster’s system and resending packets that aren’t acknowledged by the receiver.  If a packet is 
determined to be missing, the transmission system can resend the packet before the known 
transmission time without having to make new calculations of the timestamp since the metadata 
contains the expected broadcast time which is constant for any given packet.  Using packet 
numbers, the receiver can similarly directly request missing packets to be resent by the transmitter 
without worrying that the missing packets will contain incorrect or outdated timestamps that would 
require additional calculations to be performed.  As long as the transmitter holds the time stamped 
packets in queue, which it should do anyways because the main tower need to transmit at the 
correct time, the calculations only need to be performed once regardless of any lost packets. 
5.3: Conclusion 
In this project the team researched various ways for WICN to improve and expand their 
radio signal and compiled a list of recommendation for WICN. When looking into ways for WICN 
to expand the team found many ways that WICN could expand to Boston. The only issue with 
expansion is that spectrum in Boston is too packed for WICN to expand. Therefore, the team 
looked into expanding WICN’s listener base through their new iPhone and Android Apps.  
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The team also looked into methods that WICN could use to improve their signal. The most 
promising solution was a booster station, but upon further research on booster stations the team found 
that they were expensive to build and maintain. This prompted the team to design and test a prototype 
for a cheaper yet reliable booster station for WICN to use. 
For the prototype the team attempt to use an Android phone app and a homemade AM 
transmitter. The goal was to have the app use GPS for location and time synchronization and then 
receive WICN’s online station through Wi-Fi. The app would then output the signal through the audio 
jack to the AM transmitter. Unfortunately this prototype was unsuccessful because the precision of the 
GPS time on the phone was too slow, and due to time and budget constraints the team could not 
purchase a more precise GPS. Although the team was unable to complete this prototype it is believed 
that it could be done with a more precise GPS for time synchronization and a software-defined radio. 
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Appendix A: Signal Maps of WICN Provide by Dave Doherty 
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Signal Strength Map of WICN if the Tower was Move 
to the Telegraph Building in Worcester 
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Signal Strength Comparison of WICN and WSMA 
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Signal Strength Comparison of WICN and WSMA 
(Zoomed In) 
